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Executive Summary

Program Purpose and Design
The Super-efficient Equipment and Appliance Deployment (SEAD) Global Efficiency Medal competition is designed to enable the market to move toward higher efficiency by spurring innovation among manufacturers and increasing the market share of efficient products. The competition is also expected to help retailers or consumers easily identify the most efficient products across a region, and recognize these products as global leaders in energy efficiency. Through the SEAD awards program, policy makers and utilities can identify industrial potential (i.e., possible contribution from the appliance/equipment manufacturers) on energy efficiency improvement in selected product groups and design appropriate policy measures to drive the market towards greater efficiency. In addition, the SEAD awards competitions foster international government collaboration, which can strengthen the technical foundation of globalized products by supporting the harmonization of test procedures and building test lab capabilities.
With these overarching goals, the SEAD Global Efficiency Medal competition for flat-panel display televisions (FPD TVs) (hereinafter referred to as "the SEAD TV Awards") was launched in January 2012. In October 2012, SEAD awarded Samsung and LG for producing the most energy efficient FPD TVs in the world. The first competition aimed to encourage the production and sale of super-efficient TVs in three different size categories and four geographical regions (Australia, Europe, India, and North America), with an overall global winner for each size category and one global award for the most efficient emerging technology product. To ensure that the competition results in meaningful market transformation, the SEAD TV Awards competition required minimum sales thresholds. For the commercially available technology (CAT) category, applicants were required to have plans to sell at least a minimum number of units of a product model in the region of nomination.
1 The sales threshold is intended to ensure that award-winning products have a significant footprint in terms of market share, in order to maximize potential energy savings. For the emerging technology (ET) category, applicants were required to have plans for mass production within two years of the end of the competition.
Results of the SEAD TV Awards Competition
SEAD Global Efficiency Medals in the CAT category were awarded to the products in Table  1 , recognizing them as the most energy efficient TVs in the four award regions. The SEAD Global Efficiency Medal in the ET category was awarded to an LG 47-inch LED backlit LCD prototype TV which consumes only about 30 W -that is approximately 59 percent more efficient than commercially available TVs with comparable technology. All award-winning models are light emitting diode (LED) backlit liquid crystal display (LCD) TVs. The award-winning models in the CAT category can be regarded as most efficient existing products in the local markets. The winner in the ET category is better than the most efficient models available in the market. The international award-winning model for the ET category is about 30 percent more efficient than the winners of the large-size CAT category. The efficiency of award-winning models compared to commercially available TVs in the different regions is summarized in Figure 1 . The award-winning models for the CAT category have already been registered to the regional energy efficiency databases or testing lab databases, implying that they are not brand new models. The on-mode power consumption values registered in early 2012 are higher than those claimed for the SEAD TV Awards by up to 30 percent. Typically, manufacturers take into account some margin of error when reporting on-mode power consumption of their products to the regional databases. Also the on-mode power consumption is expected to decrease throughout the production year as manufacturers make running changes.
Table1. Award-winning Models in Commercially Available Technology Category
LG especially has made significant improvements in energy efficiency of the large size winning model since its introduction (by approx. 30 percent). This is beyond the level typically achieved by running changes through the year. This improvement has been further encouraged by the SEAD TV Awards along with LG's own plan for efficiency improvement of their products. 4. Cost effectiveness -for the U.S. market, the CAT winners in the small and medium size categories are certainly cost effective to consumers while the winners in the large size category are also likely to be cost effective.
For the U.S. market, CAT winners in the small and medium size categories are entry-level models and seem to be cheaper than or are similarly priced as the average market price of comparable TVs, resulting in savings of electricity costs without additional investment. The cost of conserved electricity (CCE) 7 of the CAT winning model in the large size category with advanced features such as 3D capability and wireless network functions seems to be similar to or higher than the average residential electricity prices of many states in the U.S. All award-winning CAT models within each size category are essentially the same or very similar in product design, regardless of region. Hence, the cost effectiveness results for the U.S. market are likely to be applicable to other countries, depending on market prices and consumer electricity prices. ------
Test lab capacity building and test harmonization activity
The increase in the sales of internationally or regionally recognized award-winning products is expected to reduce electricity consumption in newly sold TVs that would otherwise have been less efficient. This report does not analyze the net impacts of the SEAD TV Awards as the award-winning products are still on sale and relevant marketing activities are in progress at the time of writing. However, the energy savings potential and corresponding efficiency levels of award-winning products estimated in this report can inform national and international policy measures such as regional standards, labeling programs, and incentive programs.
I. Introduction
The Super-efficient Equipment and Appliance Deployment (SEAD) Initiative of the Clean Energy Ministerial is a voluntary international government collaboration whose primary objective is to advance global market transformation for energy-efficient equipment and appliances. SEAD is a task within the International Partnership for Energy Efficiency Cooperation (IPEEC) and was launched as an initiative within the Clean Energy Ministerial 8 (CEM)'s Global Energy Efficiency Challenge in July 2010.
The SEAD Global Efficiency Medal competition has been designed to enable the market to move toward higher efficiency by  realizing the greatest possible energy savings potential  increasing market share of highly efficient products  spurring innovation among manufacturers  supporting test harmonization activity  providing internationally comparable and transparent test results  informing standards and labeling policies
With these overarching goals, at the second CEM in April 2011, SEAD announced plans for the first international competition to recognize the most efficient products in the world. The first round was focused on flat-panel display televisions (FPD TVs), and subsequent rounds will cover personal computer (PC) monitors and motors.
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The SEAD Global Efficiency Medal competition for TVs (hereinafter referred as "the SEAD TV Awards") was launched in January 2012 and recognized Samsung and LG for producing the most energy efficient FPD TVs in the world. In its first year, the competition aimed to encourage the production and sale of super-efficient TVs in three different size categories (small, medium and large) and four geographical regions (Australia, the European region 10 , India and North America 11 ) with an overall global winner for each size category and one global award for the most efficient emerging technology product. SEAD Global Efficiency Medals were awarded to products that demonstrate the greatest energy efficiency, in terms of watts per unit screen area. Table 2 shows the product size categories for commercially available products eligible for the SEAD TV Awards.
Table2. Size Categories for Commercially Available Products
8 A high-level global forum to promote policies and programs that advance clean energy technology, share lessons and best practices, and encourage the transition to a global clean energy economy. At the first CEM meeting in July 2010, ministers from 14 countries pledged to carry out joint efforts to dramatically improve the energy efficiency of household appliances and other energy-consuming equipment. Nominal Diagonal Screen Size Less than 29 in 29 in to less than 42 in 42 in to 50 in* * TVs with screen larger than 6890 cm 2 (equivalent to 50 inches in diagonal) were eligible for the SEAD TV Awards, but a value of 6890cm 2 was used as the screen area in the efficiency calculation for these products.
The best performer in each size category among all of the regions was declared an "International Winner" for that size category. As the result, a total of sixteen (16) awards (12 region and 4 international winners) for the commercially available technology (CAT) product category were given, and one (1) award (1 international winner) for the emerging technology (ET) category was given (see Table 3 ).
Table3. 2012 SEAD TV Awards Finally Determined
Australia Europe India North America International Commercially Available Technology (CAT)
To ensure that the program results in meaningful market transformation, the SEAD TV Awards included the following rules:
1) TVs with screens larger than 6890 cm 2 (equivalent to 50 inches in diagonal) are eligible for the SEAD TV Awards, but a value of 6890cm 2 shall be used as the screen area in the efficiency calculation for these products in order to dis-incentivize the sale of TVs with very large screen sizes, which consume more energy than smaller products; 2) Eligible products must have displays with a minimum resolution capability of 720 progressive scan 12 [p] for the small size category and 1080p (full high definition, or full HD) for the medium and large size categories to ensure the award-winning products meet the market demand in basic performance; 3) For the CAT category, applicants must have plans to sell at least a minimum number 13 of units of a product model in the region of nomination in order to ensure that the award-winning products are commercially available and have a sizable 12 The scanning method used mostly in old CRT TVs displays an interlaced image on the screen by scanning all odd lines first; then all even lines, i.e., using half frames per second. The term "progressive scan" refers to the scanning method used for recent FPD HDTV models wherein an image is displayed on the screen by scanning each image line in sequential order, i.e., full frames per second, resulting in less flicker and better picture quality. 13 Australia: 5,000 units; India: 5,000 units; North America: 50,000 units; the European Region: At least 10,000 units in one country or 50,000 units across all EU27 and EFTA-countries share in the market; 4) For the ET category, the award-winning models must be planned to be mass produced within two years of the end of the competition period; and 5) Round robin test, an inter-laboratory test performed independently with the same samples, shall be conducted before the verification process to provide internationally comparable and transparent test results for the selection of regional and international winners.
Necessity for Analysis of the SEAD TV Awards
An assessment of the SEAD TV Awards is needed for the following reasons.
1) Lessons learned from the first competition will help policy makers determine if an awards program can be an effective market transformation mechanism to promote energy efficient products. Using lessons learned from the first competition, subsequent rounds of the competition can be better designed. 2) TV screen technologies sold in different regions of the world are very similar as TV manufacturing is highly globalized. The four award regions of the SEAD TV Awards account for more than 40 percent of the global TV market. However, TVs with minor variations from the award-winning models, i.e., similarly designed TVs with similar energy consumption characteristics, are likely to be made available by the manufacturers in other regions as well. The analysis of the SEAD TV Awards is expected to enable policy makers to see how efficiency improvement of globally manufactured products can be effectively accelerated.
II. Results of the SEAD TV Awards
All the nominations, including those in the ET category, were LED-backlit LCD (LED-LCD) TVs. As shown in Figure 3 , the award-winning models in the CAT category can be regarded as the most efficient existing products in the local markets. The winner in the ET category is better than the most efficient models available in the market.
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Given that a typical TV product development cycle is in a range of 6 to 12 months and that the SEAD TV Awards were publicly announced in January 2012, the applicants seem to have nominated their best performing CAT models that can meet the SEAD TV Awards requirements, rather than having newly developed higher on-mode power performance models that may not have been otherwise considered. The international award-winning model for the ET category is about 30 percent more efficient than the large-size winners of the CAT category. The ET winner is expected to be available in the market within two (2) years as per the competition's requirement.
The award-winning CAT models had already been registered to the regional energy efficiency databases or testing lab databases 17 , except for India. Their on-mode power consumption registered early in 2012 is anticipated to be equal to or higher than those claimed for the SEAD TV Awards because of the timing factor (see Table 7 ). Specifically, this may be explained as follows: In general, manufacturers take into account some margin of error when they report on-mode power consumption of their products to the regional databases. Also, as manufacturers make running changes 18 to some of their major models, on-mode power consumption is expected to decrease. Likewise, it is also possible that manufacturers have made running changes similar to those made to the award-winning models to TV models which were not nominated to the SEAD TV Awards. Table 7 and Figure 4 show on-mode power consumption of the award-winning models.
The winners in the small and medium categories are entry level TVs. Entry level TVs are not necessarily inherently inefficient compared to high-end TV models with higher resolution and higher frame rates, although high-end models may feature advanced backlight dimming or better optical components that can further reduce on-mode power consumption. In addition, since 2011 major TV manufacturers have been providing new types of LED-LCD TVs at lower prices in the market for the purpose of decreasing the price gap between conventional CRT or CCFL-LCD TVs and LED-LCD TVs. Manufacturers can accomplish this in the following ways. First, decreasing the maximum luminance level and colorreproduction capability reduces material costs as well as power consumption. For example, lower luminance allows manufacturers to use fewer LED lamps as well as low-voltage driven electronic parts in the circuitry (Park et al. 2011) . Second, this trend leads to another type of affordable LED-direct 19 backlit LCD TVs, often referred to in industry parlance as "low-cost LED-direct backlighting" or "emerging market TVs", which employ about half of LEDs compared to typical LED backlights, and lower-cost optical components in the backlight system (Kim 2012 , Semenza 2011 . The winners in the small and medium categories are such affordable LED-LCD TVs. LG won the international award for the ET category. Luminance of the winner in the ET category is similar to the winners in the large size category, and the claimed on-mode power consumption of the ET winner is about 30 percent more efficient than that of the winners in the large size category, which misses EU's A+++ by a whisker, the most efficient level of existing categorical efficiency labels in the world. LG OLED TVs would be available in the market in 2013. 20 While OLEDs are generally known to be more efficient than LCDs (Park et al. 2011) , such large OLED TVs were not nominated to the SEAD TV Awards. This is mainly because, first, even though they were commercially available in 2012, they were not likely to meet the sales requirement for the CAT category in the SEAD TV Awards as their market prices at the initial stage are expected to be very high, compared to LCD TVs at the same size. Second, as the on-mode power performance (W/cm 2 )
Table7. On-Mode Power Consumption of the SEAD TV Awards Winners
of TVs larger than 50 inches is calculated using a screen size of 6,890 cm 2 (equivalent to 50 inches diagonal) instead of their actual screen area, manufacturers might have not been confident that 55-inch OLED TVs at the early stage would be competitive in the competition against LCD TVs which have been rapidly improved in energy efficiency. Third, manufacturers are extremely cautious and uncomfortable with sending products that are recent innovations with significant intellectual property under development to the testing labs in other countries to avoid revealing their cutting-edge technology. Even though OLED TVs are eligible for the ET category, OLED TV manufacturers are not likely to have their new technologies investigated by external institutions.
Standby Mode Power Consumption
Currently, a majority of TVs consume less than 1 W in standby mode, mostly passive standby 21 . U.S. ENERGY STAR requires that measured power consumption of a TV in sleep mode 22 be less than or equal to 1.0 W. In 2010-2011, the simple average of sleep mode power consumption of ENERGY STAR-qualified LCD and PDP TVs was 0.33 W, and about 70 percent of the TV models consume less than 0.5 W in sleep mode (Park et al. 2011) . In 2012, TVs commercially available in the Australian and the U.S. markets consume 0.2 to 0.4 W on average in passive-standby mode. The SEAD TV Awards required a nominated model to consume less than or equal to 0.50 W in passive standby mode when measured according to the IEC 62301 test procedure. The award-winning TVs consume 0.12 to 0.20 W in passive standby mode. Recent TVs have many new features, including network connectivity, hard disks, DVD recorders, etc. TVs with these additional features are often required to have fast boot times. In particular, connected TVs (or smart TVs) are, because of their integrated features, likely to consume more energy in standby mode than current conventional TVs do, although this varies depending on manufacturers' setting (Park et al. 2011) . Although the maximum power required for network connectivity and fast reactivation time, is not expected to increase because of technological improvements, the average network standby power is expected to vary depending on the power management regimes applied. In fact, the Samsung EH5300 series, which includes the winners for Australia and India in the medium size category, and the LG LM6700 series, which includes the winners in the large size category, have added network related features (see Appendix A, B). Inclusion of network standby power in the test procedures would be necessary for the next round of the competition.
III. Savings Potential
Assumptions
The savings potential in this analysis is estimated by the difference in energy consumption between two scenarios or "cases". The result shows global electricity savings in the hypothetical future scenario where all TVs sold are as efficient as the SEAD award-winning TVs. The Frozen Efficiency Case assumes that there is a large scale transition in the TV market from traditional CCFL-LCD TVs to efficient LED-LCD TVs with no further efficiency improvement within each technology from 2013 onward. This scenario can be regarded as the most conservative business-as-usual (BAU) case. The baseline consumption is based on the average on-mode power performance of regional TVs. Super-efficiency Case assumes that all LCD TVs, which are expected to account for annually 60 to 98 percent of global TV shipments (in terms of total screen area) through 2020, meet the efficiency level of the award-winning models from 2013 onward. The gap between Frozen Efficiency and Super-efficiency cases includes the impact of rapidly-evolving TV technology on energy efficiency.
Savings Potential
Based on the above assumptions and the data available for this report, the savings potential contributed from annual TV shipments (for CAT winning models) are as follows: 23 In rough back-of-the-envelope calculations, if an efficiency technology or policy would save 3 TWh per year, it saves one 500 MW coal plant operating at 70 percent capacity factor in that year, called one Rosenfeld (Koomey et al. 2010 
IV. Cost Effectiveness Analysis
This section analyzes the cost-effectiveness of the regional winners in North America against similar TV models in the market. As discussed earlier, the regional winners are 25 to 51 percent more efficient than typical TVs of the same size with similar technology in the market. The regional winners in the small and medium size category are affordable entrylevel models and seem to be cheaper than or similar to the average market price of comparable TVs, resulting in saving electricity costs without additional investment. For the winner in the large size category, it is necessary to see if the investment in the model is cost effective against similar TV models in the market. Cost of Conserved Energy (CCE) is a widely used metric to compare the cost of saving electricity to the cost of electricity supply to assess the desirability of energy efficiency measures. This analysis estimates CCE considering the incremental price of adopting efficiency improvement options, i.e., purchasing the winner in the large size category LG 47LM6700. CCE is estimated by dividing the annualized incremental cost (IC) (i.e., incremental price) of the energy efficient model by annual energy savings due to that option. For this calculation, the comparable product category is defined by screen size, backlight type and 3D capability (i.e., 47-inch 3D-capable LED-LCD TV). The CCE for the product category is calculated using annualized IC for the product category and energy savings for the product category, as follows: , lifetime i is the TV economic lifetime, i.e. and discount rate is the discount rate of the end user.
Table11. Market Prices and
Discount Rate
Residential and commercial sectors may use various methods to finance the purchase of TVs. The U.S. Department of Energy (DOE), in a technical support document for the energy efficiency program for consumer products analyzed that the average discount rates are 4.8 percent for residential consumers and 6.2 percent for commercial sectors (U.S. DOE 2009). This analysis provides the CCE results in range of 4 to 7 percent in Table 12 below.
Economic Lifetime
In the U.S., the average age of recently replaced TVs was about 8 years (DisplaySearch 2011c) . This analysis provides the CCE results in range of 6 to 10 years in Table 12 below.
Given the on-mode power saved is 47.7 W and the incremental price is $74, compared to a typical model, the winner in the large size category (LG 47LM6700) has CCE with a range of $0.105/kWh and $0.178/kWh as described in The average electricity price of the U.S is $0.115/kWh. The CCE for the winner in the large size category appears higher than or similar to average electricity prices of many states (see Fig 5) . In some regions, average residential prices (tariffs) are lower than the marginal residential tariffs (tariff for the last unit consumed which is equivalent to the reduction in consumer bill if one unit of electricity is saved). In addition, the market price of 3D capable 47-inch LED-LCD TVs was projected to come down to about $560 by the end of 2015 (DisplaySearch 2011b). Thus, the winning model in the large size category or models with equivalent power consumption can be considered to be encouraged in a cost effective manner as well, depending on situation, and are likely to become more cost effective as the market transforms.
All award-winning models within each size category are essentially the same or very similar in product design, regardless of region. Major TV manufacturers distribute similarly designed TVs across many regions. Hence, the cost effectiveness results for the U.S. market are likely to be applicable to other countries, depending on their market prices and consumer electricity prices. 
